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Hibernating mammals are unique in their biological adaptation to 
environmental temperature changes. Their ability to hibernate enables 
them to effectively maintain life at low as well as at normal body tem­
peratures. The pattern of life activities at each temperature extreme,
i
although different, is considered "normal" for the animal. For instance, 
in the active state a ground squirrel has a normal body temperature of 
approximately 37 C whereas in hibernation its temperature may approach 
zero degrees centigrade. Although hibernation must be recognized as a 
natural physiological state for these animals, they can be subjected to 
artificial hypothermia by forcibly reducing their body temperature under 
general anesthesia.
The effects of reduced temperature upon host resistance and micro­
bial pathogenicity have not been clearly defined although it is known that 
marked changes are elicited as a result of low temperature exposure. In 
order to properly evaluate the role of reduced temperature, it is necess­
ary to distinguish between its effect upon the host and upon the parasite. 
This is emphasized by the fact that many disease-producing microorganisms 
are extremely sensitive to minor temperature changes. Likewise, animals 
exhibit various manifestations of thermal stress when their body tempera­
ture is forcibly altered. In certain instances it has been shown that 
microorganisms, not normally pathogenic, produce a uniformly fatal infect­
ion in the hypothermic host.
Most of the available data relating to the effect of cold upon 
host-parasite interactions have been drawn from investigations using 
homeothermic animals as the experimental host. The specific role of tem­
perature as a determinant in the initiation or course of an infectious
1
2process is difficult to assess because of the inherent thermal stress 
associated with artificial hypothermia* This limitation can be at least 
partially overcome by the use of hibernators. These animals, by virtue 
of their natural capacity for thermal adjustment, provide an excellent 
means for studying the effects of cold upon the biology of experimental 
.infection from the standpoint of both the host and the parasite*
3REVIEW OF THE LITERATURE
Although mammalian hibernation has been extensively investigated 
in terms of the associated physiologic changes, little is known concern­
ing the effect of this profound hypothermic state upon the relationship 
existing between the host and invading parasite.
Pasteur, Joubert and Chamberland1s (Wilson & Miles, 1955) experi­
ments of 1878 on anthrax were the first reported attempts to establish 
the role of cold as a factor in the production of bacterial disease.
They lowered the body temperature of chickens by partial immersion of 
the fowl in cold water and found that this rendered them susceptible to 
anthrax. They postulated, incorrectly, that the normal high body temper­
ature of chickens was specifically responsible for their observed natural 
resistance to anthrax. The role of temperature in this instance was 
questioned by Wagner (1890) when he demonstrated that Bacillus anthracis 
grows well in fowl blood and serum at U3 C.
Subsequently, a number of important studies on the contribution 
of environmental changes to the response of non-hibernating animals chal­
lenged with various infectious agents have been recorded. The results 
have been divergent and dependent upon the microorganism and the experi­
mental animal involved. Muschenheim et al (19U3) demonstrated that hypo­
thermia enhanced the lethality of a "relatively avirulent" type III pneu­
mococcus following intradermal inoculation of rabbits. Conversely, 
Eiseman et al (1906) and Watkyns, Hirose and Eiseman (1957,1908) were 
able to show that prolonged hypothermia resulted in an increased survival 
time and, in some cases, an increased survival rate of mice infected with 
a type III pneumococcus. Previte and Berry (1962) demonstrated an in­
crease in host susceptibility to Salmonella typhlmurium infection in mice
uchronically exposed to low environmental temperature. Miraglia and 
Berry (1962) confirmed the above findings and presented evidence that 
the combined stresses of cold and primary salmonellosis predispose mice 
to secondary bacterial invasion by staphylococci originating in the 
respiratory tract. Tunevall (1962) has shown that deep and prolonged 
hypothermia (22 C for UO hr) almost invariably results in an invasion of 
the mouse by endogenous bacteria of intestinal origin.
The mechanism by which environmental temperature influences vir­
al infections in experimental animals has not been adequately explained. 
Again, the observed effects seem to depend upon the specific virus in­
volved and, likewise, upon the host system. Exposure of adult mice to 
a lowered ambient temperature decreased their resistance to Coxsackie B 
virus (Walker and Boring, 1958), increased their resistance to vesicular 
stomatitis virus (Griffin, Hanson and Brandly, 195U), but had no effect 
on the progress of experimental rabies (Sulkin et al I960). Sulkin (19U5) 
investigated the effect of high and low environmental temperatures on the 
course of experimental influenza in mice and found that the mortality 
rate was essentially unchanged but that animals kept at low ambient temper­
atures showed significantly more pulmonary involvement that those main­
tained at higher temperatures. Briody et al (1963) have shown that the 
usually inapparent pulmonary infections of mice inoculated with unadapted 
influenza virus are converted by low environmental temperatures to lethal 
infections with extensive pulmonary consolidation.
Boring, Zu Rhein and Walker (1956) and Walker and Boring (1958) 
have shown that infection of adult mice at 25 C with Coxsackie B-l virus 
results in a pancreatitis but rarely death. On the otherhand, mice kept 
at U C (which produces a decrease of 1 C in rectal temperature) always 
succumb to the infection. Thompson and Coates (19U2) and Wheeler (1958)
5Investigated the effeots of incubation temperature on the production of . 
herpes simplex virus in tissue and cell culture* These studies indicated 
that the temperature of incubation had an effect upon virus production 
but it remained for Hoggen and Roisman (1959) to define and quantitate 
the effect on the formation and release of the virus in infected mono­
layers* They noted that the highest rates of formation as well as the 
greatest number of virus particles produced occurred at 3k C. In a 
later paper (Hoggan, Roisman and Turner, I960) they reported that the 
maximum extension of virus in cell culture monolayers took place at 37 
C even though the optimal temperature for virus formation was again 
closer to 31* C*
The effect of reducing the body temperature upon antibody pro-, 
duction has been determined for only a few host systems* Kopeloff-and 
Stanton (191*2) reported that, by lowering the body temperature of rats 
5 C, they were able to markedly reduce the production of hemolysin 
against sheep red blood oells* When the animals were rewarmed to normal 
temperature, normal antibody production was observed* Bisset (191*8) has 
noted that frogs, immunised with killed, bacteria at 8 C, do not produce 
agglutinins* However, when these amphibians are transferred to an am­
bient temperature of 20 C, antibody formation proceeds normally* Con­
versely, frogs immunised at 20 C produce agglutinins until placed at 
8 C where antibody production is inhibited* Allen and McDaniel (1937) 
had reported similar findings in frogs kept at 10 C or at room tempera­
ture after injection of sheep erythrocytes* Kalabukhov arid Levinson 
(193$) found that the same relationship holds in bats with a Trypanosoma 
equiperdum infection* Ipsen (1952) immunised mice with tetanus toxoid 
and held them at 6, 2$, or 35 C for two weeks before challenge with 
tetanus toxin* The hypothermic group exhibited the lowest level of pro-
6tective immunity.
The immune response of hibernating mammals has only recently 
° been examined. Jaroslow and Smith (1961), using I ^ ^ “labeled bovine 
serum albumin, have studied the disappearance of antigen from the cir­
culatory system of hibernating 13-lined ground squirrels. Their data 
indicate that 'there is little or no disappearance of homologus or heter- 
ologus proteins from the circulation during periods of hibernation. 
Studies concerning the actual production of antibody during hibernation 
are lacking.
Infectivity studies in hibernating mammals suggest that the in­
fectious process is held in check while the animals are in the torpid 
state. Sulkin et al (1959) in a study of the influence of environment­
al temperature on the pathogenesis of rabies in bats, found that both 
the virus and the host remain quiescent when the bats are maintained at 
11 C and that both are reactivated when the animal is transferred to a 
warm environment (29 C). Dempster, Grodums and Spencer (1961) state 
that Coxsackie B-3 virus multiplied and caused viremia in bats kept in­
active continuously at 2 C. They also inferred that the virus was capa­
ble of initiating an infection in both the active and the hibernating 
ground squirrel, following subcutaneous injection. Unfortunately, they 
did not rule out the possibility that the apparent replication and spread 
of virus might have taken place during the periodic arousals which occur 
regularly in this species.
Both cellular and humoral mechanisms of defense appear to be im­
paired by cold. Halpern et al (1951) found that the ability of the 
reticuloendothelial system of hypothermic rats to clear colloidal carbon 
was greatly reduced in comparison to their normothermic counterparts.
The normal rats were able to clear 90 per cent of the carbon within 35 
minutes while in the same period of time only 29 per cent was removed 
from the circulation of hypothermic animals, Taylor: and Dyrenforth 
(1938) noted an impairment of phagocytic activity of fixed tissue cells 
in human subjects immersed in water at approximately 20 G, Based on 
this finding and other observations, they asserted that low environ­
mental temperature served to increase mans susceptibility to infection. 
Additional confirmatory data must be awaited before this assertion can 
be substantiated. Evidence of a reduction in humoral defense by cold 
was provided by Wildftthr (1950) who found a decrease in blood levels 
of complement and opsonin,
Kalabukhov and others (1958) have investigated the resistance' of 
hibernating animals to infection. The available evidence indicates that 
resistance to infection is increased during the period of preparation 
for hibernation as well as during hibernation. However, the enhanced 
resistance observed is probably a reflection of the physiologic state 
of the animal and not related specifically to either the cellular or 
humoral mechanisms of host resistance. Since the infectious agents 
tested are probably not capable of reproduction at temperatures found 
in the hibernating animal, active infection under such conditions would 
be unlikely.
Since hibernation has such an important bearing on these invest­
igations some of the salient characteristics of this physiologic state 
will be listed.
First of all, it is important to recognize that hibernation is 
a natural phenomenon for certain animals and that it is quite different 
from experimental hypothermia. Hibernation is a physiologically con­
trolled and regulated process while experimental hypothermia results
8when the normal mechanisms of temperature regulation have been either 
weakened or overcome. Chilling occurs in enforced hypothermia in 
spite of a concerted effort on the part of the animal to maintain its 
normal temperature. On the contrary, hibernation is a passive, yet 
deliberate, process in which declines in metabolic rate, respiratory 
rate and heart rate precede the drop in body temperature.
Within a limited range the body temperature of the hibernating 
ground squirrel parallels that of the environment, usually remaining 
0.5 to 3 C above the ambient temperature (Johnson, 1931)* Mayer (I960) 
reported an average rectal temperature of U.2 C for ground squirrels 
hibernating in an environmental temperature of 1.6 C.
The heart rate and respiratory rate are slowed to about 3 per 
minute and the metabolic rate is between l/30 and l/LOO of that found 
in the active "resting” animal. Vascular changes include a decrease in 
blood pressure as the animal enters hibernation followed by vaso­
constriction once the torpid state has been achieved (Iyman and O'Brien, 
I960). There appears to be a pronounced leucopenia during hibernation 
(Svihla, 1953) which has not been explained. Although the rate is veiy 
slow, Brock (i960) reports that there is actually sane manufacture of 
red blood cells during deep hibernation.
There are indications that some of the endocrines play a role 
in hibernation although the specific data are conflicting. Most workers 
agree that an involution of the endocrines takes place before the animal 
enters hibernation. Indeed, Kayser (1955) insists that hibernation will 
not take place without this involution.
Although hibernation is part of a yearly cycle of events for 
ground squirrels, there is no clear understanding as to what specific 
factors are important in determining when they will enter or emerge
9from the hibernating state* It would appear that the animal receives 
few, if any, clues from its environment, such as photoperiodicity or 
temperature changes (Pengelley and Fischer, 1957)*
Ground squirrels and other mammalian hibernators (with the pos­
sible exception of bats) undergo natural awakenings from time to time 
during the hibernating period (lyman and Chatfield, 1955)* Kayser 
(I960) reported that the average period of continuous hibernation in 
ground squirrels is about 21 days* The cause of these periodic arous- 
als in undisturbed animals has yet to be explained*
For a more complete survey of the physiology of mammalian hi­
bernation the recent publication edited by Lyman and Dawe (i960) is re­
commended*
The studies were concerned with the general problem of host- 
parasite relationships as influenced by reduced environemntal and body 
temperature. Arctic ground squirrels were selected as the experimental 
animal because of their hibernating capacity and the length and depth 
of their hibernating periods. Specific objectives included a study of 
the normal microbial flora and the fate of artificially introduced micro­
organisms in the animals during active, hypothermic and hibernating 
states. To further characterize the host response to low temperature, 
the blood picture of the active animal was compared with that found in 




The arctic ground squirrels (Spermophllus undulatua) utilized 
were captured in the Paxeon Lake area of central Alaska during the 
month of August. A total of 106 adult animals was used in the study* 
They were housed Individually in metal cages equipped with removable 
wire mesh floors and catch pans. Their diet consisted of apples, 
carrots, and Labena cubes*. Before the studies were initiated the 
animals were observed in the colony for 2 months. Hibernation was in­
duced by placing the animals in a cold room at an ambient temperature 
of 3 ± 1 C for the bacterial work and 5 - 1 0  for the viral studies. 
These temperatures were maintained throughout the respective investiga­
tions. The animals were observed daily but not disturbed unnecessarily 
because various stimuli may trigger an arousal from the hibernating 
state.
Enforced hypothermia was accomplished by first anesthetizing the 
animals with pentobarbitol sodium and then placing them in a cold room 
at 10 C. The level of anesthesia must be deep enough to prevent shiver­
ing when the animal is placed in the cold room; otherwise deep hypo­
thermia will not be achieved. On the other hand, care must be exercised 
not to administer an excess of pentobarbitol, which may prove lethal to 
the animal. Under appropriate conditions, the body temperature of the 
experimental animals would drop to about 13 C in a few hours and could 
be maintained at this level for periods in excess of 1*8 hours.
^Ralston Purina Co., St. Louis, Missouri.
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Tissue culture call linea
Primary explants of monkey kidney cells were obtained from 
Shamrock Farms (Middletown, New fork) and maintained on Eagles basal 
medium with Hank's balanced salt solution. HeLa monolayers were prepar­
ed from the S-3 clone, obtained through the courtesy of Dr. John L. Riggs, 
University of Michigan, using 90 per cent Eagles basal medium and 10 per 
cent calf serum as the growth medium. For maintenance, the calf serum 
was reduced to 5 per cent concentration. The same growth and mainten­
ance media were for the cultures of the RA. strain of human amnion cells, 
also obtained from Dr. Riggs.
Monkey kidney cells (LLCM^)* adapted to continuous passage, were 
obtained from Dr. Robert N. Hull of the Cell Research Laboratory, Eli 
Lilly and Company, Indianapolis. This cell line was propagated in med­
ium 199 with 2.5 per cent horse serum added; when maintenance of the mono­
layer was desired, the concentration of the horse serum was reduced to 
0.5 per cent.
When tissue homogenates or fecal suspensions were inoculated on­
to the monolayers the inoculum was removed after a 1 hour incubation at 
36 C. The monolayers were then washed with several changes of Earles 
balanced salt solution before the maintenance medium was replaced. Ex­
perience had shown that low dilutions of fecal material, brown fat and 
liver were frequently toxic to the tissue culture cells if allowed to 
remain in contact with the monolayers for a prolonged period of time. 
Penicillin (100 unit/ml) and streptomycin (100 mg/ml) were routinely in­
corporated in the growth and maintenance media.
Viruses
The specific viral agents used were the D'Amori strain of ECHO-6 
virus and the Nancy 1WJK3 strain of Coxsackie B-3.
12
Canimlation of the aorta
The technique employed was essentially that described by Still 
and Whitcomb (1956), as modified by Lyman and O'Brien (i960)*. The in­
struments used in the operative procedure were disinfected by immersion 
in a 1:*>00 aqueous solution of benzalkonium chloride for 30 minutes* 
Actually, few instruments are required but certain ones were fashioned 
especially for this procedure. A soft clamp was made from a 2 inch 
safety pin and the opposing edges of the clamp were covered with plastic 
tubing to provide a smooth surface so as not to traumatize the aorta*
The foroeps used to manipulate the aorta were polished at the tips and 
the jaws of the hemostat employed in the technique were covered with 
soft rubber tubing* The instrument for opening the aorta was a #12 Bard 
Parker blade, ground to a point which would just fit into the lumen of 
the PE 50 (Clay- Adams) polyethylene tubing to be implanted* "Protective 
shoulders", about 0*2 mm back from the tip of the blade, helped to avoid 
accidental penetration of the opposite wall of the aorta* The other in­
struments included scissors, 2 forceps, a lit gauge cannula about 6 inches 
long and a surgical needle*
The ground squirrels were anesthetized by an intraperitoneal in­
jection of pentobarbitol sodium (50 mg/kg) and the hair was clipped from 
the abdominal region and from an area on the back where the tube was to 
emerge* These surfaces were cleansed with 1:750 tincture of benzalkonium 
chloride and the aorta was exposed through an incision in the abdominal 
wall approximately 2 inches in length* The viscera and masses of body 
fat were pushed to either side of the peritoneal cavity with sterile 
gauze pads which were then secured by retractors* The abdominal aorta
* Or* Iyman kindly demonstrated the technique to the author*
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lies in close proximity to the large postcaval vein and it is necessary 
to carefully separate these two vessels so that the aorta can h© clamped 
off while the tube is being inserted. This separation was accomplished 
by gently spreading the peritoneal layer and connective tissue, which 
cover the aorta, with a cotton sponge. When the aorta had been freed 
it wa3 lifted slightly with a hooked glass rod so that the clamp could 
be applied. Before the aorta was opened, a cotton sponge, moistened in 
saline, was slipped under the vessel to absorb the small amount of blood 
which flowed from the aorta before the tube could be inserted in the 
opening. This sponge also provided a cushion against which the aorta 
could be manipulated. By working deliberately, it was possible to open 
the artery and secure the tube in a very short time, with the loss of 
only a few drops of blood. The tube (PE 30, i d. .023 in., OD. .038 in.), 
about lli inches long and bevelled at the end, was normally inserted into 
the aorta about 2 cm. When the soft clamp is removed, blood should immed­
iately flow through the tube which should then be quickly closed with a 
hemostat. The tubing was anchored, securely with a tie to the deep back 
muscles near the aorta. The peritoneal cavity was then closed with 000 
catgut and the tube secured by another tie at the caudal edge of the in­
cision. A small incision was next made on the back between the scapulae. 
The lit gauge metal cannula was pushed through this opening and directed 
subcutaneously to the abdominal incision. The tube was then passed through 
the cannula to its exit on the back and fastened to the skin with cotton 
suture. The cannula was removed and the abdominal skin closed utilising 
a "hidden stitch" so that the suture would be inaccessible to the animal.
To prevent plugging with clotted blood, the tube was cleared and filled 
with heparinized saline (2.5 mg/ml). The outer end of the tube, which 
should protrude no more than 2 inches, was fitted with a 1 cm section
1U
of a 23 gauge hypodermic needle and finally closed with a short piece of 
the tubing knotted at the distal end. At this location, the tubing is 
out of reach of the animal and is easily accessible to the investigator 
when the animal has assumed the hibernating position. Injections or 
withdrawals can be made by simply removing the "cap” from the end of the 
needle section. This arrangement allows for repeated usage without short­
ening the tube, as would otherwise be required without the splice. After 
the operation had been completed, the animal was given 1*0,000 units of 
S-R penicillin (Parke, Davis) and returned to its cage. In the course 
of these investigations, 1*3 ground squirrels were successfully intubated. 
No animals were lost as a result of the operation; one animal died from 
an accidental overdose of pentobarbitol. With practice, the entire oper­
ation can be performed unassisted within one hour. The animals recover 
within a short time and do not appear to be bothered in the least by 
the implanted tube.
Changes in bacterial flora associated with hibernation
Investigations were made of the normal intestinal flora of 15> 
adult ground squirrels while they were in the active state and again 
following periods of deep hibernation. To this end, fresh fecal droppings 
were collected on clean filter paper sheets positioned under the wire 
mesh floor of the cages. Droppings contaminated with voided urine were 
not inoluded. The specimens were kept at 1* C until processing, which 
took place within 2 hours after defecation. The droppings from an in­
dividual animal were weighed and combined with an equal part (weight) 
of sterile 0.1 per cent peptone (Straka and Stokes, 1957). From this 
a uniform suspension was made with the aid of a sterile glass rod. Part 
of the material was used for the determination of the per cent moisture 
and another portion for the preparation of cultures. Triplicate cultures
15
were inoculated from serial 10-fold dilutions (10“ ^ to 10“®) of the speci­
mens in the peptone diluent and the results obtained were calculated as 
the number of organisms per gram of dry weight of fecal material. Quan­
titative determinations were made of the coliform bacilli and psychro- 
philic organisms, in addition to a total viable aerobic cell count. The 
coliform bacilli were cultures on (Difco) eosin methylene blue agar at 
37 C. The plates were seeded with 0.1 ml of the appropriate dilution "• 
which was then spread evenly over the surface of the agar with a bent 
glass rod. The inoculum was dispensed with a sterile 0.1 ml pipette.
Using this technique well-isolated colonies were consistently obtained.
All gram negative rods yielding lactose-positive colonies within U8
hours were arbitrarily considered to be coliform bacilli. More than 300
isolates were confirmed as coliform bacilli by the IMViC test.
For the enumeration of the psychrophiles, (Difco) tryptone glu­
cose extract agar was employed. Pour plates were prepared using an in­
oculum of 1 ml and the incubation was carried out at 2 to 3 C for lU days. 
Organisms producing visible colonies within lU days were termed psychro­
philes. In addition pour plates were made in tryptone glucose extract 
agar as above except that these cultures were incubated at 37 C for U8 
hours. The results from these latter cultures were recorded as the 
total count at 37 C. All plate counts were made using a Quebec colony 
counter and only those plates having between 30 and 300 colonies were 
included.
Removal of bacteria from blood stream
The capacity of the reticuloendothelial system (RES) to remove 
bacterial organisms from the blood stream was investigated in active, 
hypothermic and hibernating squirrels. To this end a 1 ml suspension 
of 3 X 10® cells of Staphylocoocus aureus (ATCC 12228) in pyrogen-free
16
saline was injected directly into the abdominal aorta through the im­
planted polyethylene tube* The tube was then ’’flushed" with 1 ml of 
the sterile saline. Preliminary experiments had indicated that this 
washing was sufficient to remove any organisms which may have adhered 
to the walls of the tube. That amount of liquid represents more than 
10 complete changes of fluid inside the tube. Blood samples were col­
lected through the tube at various intervals and cultured for their 
bacterial content. Following each withdrawal, the tube was again rinsed 
with sterile saline. At 2U hours the animals were sacrificed and their 
tissues examined for the presence of bacterial organisms by culturing 
in tryptone glucose extract agar at 37 C. Specimens from a total of 
6 active, U hypothermic and U hibernating animals were examined. 
Endogenous bacterial invasion
In order to study the impact of hypothermia and hibernation 
upon the natural defense mechanisms of the animals, experiments were 
designed to determine whether invasion by endogenous bacteria might oc­
cur under these conditions. Blood, spleen, liver, and kidney samples 
were collected from animals sacrificed after periods of hibernation or 
enforced hypothermia. These samples were homogenized and suspended in 
sterile 0.1 per cent peptone and appropriate dilutions were cultured in 
tryptone glucose extract agar at 25 and 37 C to determine their bacterial 
content. The body temperature of the hypothermic animals had been reduc­
ed to 13 C for either 2U or UU hours. Ten hypothermic and 5 hibernating 
squirrels were thus examined for bacterial penetration. In addition, 
blood samples alone were tested from 16 different hibernating animals. 
Bacterial virus study
In order to investigate the normal occurrence of bacterial virus­
es in the animals, UU adult ground squirrels were examined repeatedly
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(15>U individual samples) for the presence of bacteriophage in their in­
testinal contents* The bacterial host cells used were strains of 
Escherichia coli previously isolated from animals in the group.
The method used for the detection of phage was as follows. Fresh 
fecal material was collected in a sterile tared E>0 ml centrifuge tube 
and the weight of the sample determined, A 1 to 10 dilution (weight in 
volume) was prepared in sterile nutrient broth and a uniform suspension 
made with the aid of a glass rod. Following centrifugation at 17,000 X g 
for 30 minutes at 5 C, the clear supernatant fluid was withdrawn and 
tested for the presence of virus by two methods. In the first, 1 ml of 
the fluid and 1 ml of a 3 hour broth culture of the strain of E. coli be­
ing tested was added to 5 ml of trypticase soy broth. This suspension 
was incubated overnight at 37 C and the supernatant fluid therefrom was 
assayed for the presence of virus according to the following procedure. 
Serial 10-fold dilutions (10”^ to 10“^) of the fluid were prepared in 
sterile nutrient broth and 0.1 ml added to a tube containing 2 ml of 
melted (U3 C) trypticase soy agar (0.7 per cent) and 0.1 ml of an 18 hour 
broth culture of the test strain of E. coli. This was carefully mixed 
and poured over the surface of a layer of nutrient agar in a petri plate. 
These cultures ^ were incubated at 37 C and examined for the presence of 
virus as indicated by the formation of plaques. In the second method, 
the preliminary overnight incubation was eliminated and the original su- • 
pematant fluid was tested directly for bacterial virus by the plaque 
method.
These extended attempts to isolate phage disclosed that only one 
ground squirrel out of the UU tested was excreting a bacterial virus re­
active against any of the host strains used. This virus (designated as 
phage U2) would effectively lyse E. coli, strain lU. A bacterial virus,
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found naturally in 1 animal but specifically absent in each of 1*3 others, 
was available then for use in the virus-free squirrels* Accordingly, a 
study was made of the effect of hibernation on the retention of this vir­
us in the intestinal tract of the experimental animals following adminis­
tration via the mouth.
Ten squirrels were used. The group was composed of 5 in the hi-- 
bernating state and 9 which were active but which had been in the cold 
room for the same length of time as the hibernators. The temperature in 
the hibemaculum was 5 C. Each animal was given a 1 ml inoculum contain­
ing 29 X 10^ plaque-forming units of virus. The virus suspension was 
cooled to 5 C and introduced into the stomach by means of a 2 ml syringe 
fitted with a 2 inch length of polyethylene tubing. The tube was easily 
directed down the throat of the animals.while they were hibernating.
Ether anesthesia was used in the case of the active animals.
Following administration of the virus, quantitative determinations 
were made for extreted virus by collecting fresh fecal material and exam­
ining it by means of the plaque method described above. After each speci­
men was obtained the animal was transferred to a clean cage, in an effort 
to preclude contamination of subsequent specimens.
Retention of enteric viruses in the intestinal tract
The first objective was to determine the natural occurrence of 
enteric viruses in the animals. Thirty-two squirrels were examined re- 
peatedly over a period of h months for the presence of enteric viruses 
in their intestinal contents. Surprisingly, they were all found to be 
free of viral agents capable of inducing a cytopathogenic effect in mono­
layers of either HeLa, human amnion, or monkey kidney cells. Studies 
were initiated therefore to determine the effect of hibernation on the 
retention of specific enteric yiruses in the intestinal tract of these
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animals following oral administration. Preliminary tests had indicated 
that monkey kidney cells were susceptible to the ECHO-6 virus and that 
Coxsackie B-3 virus could be isolated and propagated in monolayers of 
HeLa cells. In addition* both viruses could be successfully recovered 
from the fecal material of animals which had been fed a suspension of 
the specific agents.
Accordingly, 9 squirrels were given a suspension of 1 X 10® 
TCD^o doses of ECHO-6 virus and 8 others were fed 1 X 10^ TCD^q units 
of Coxsackie B-3 virus, using the method of administration described 
above. Approximately half of the animals in each group were hibernat­
ing and half were in the active state; all had been in the cold room 
for the same period of time. Thereafter, fresh fecal samples were col­
lected at appropriate intervals and tested for the presence of virus 
using monolayers of monkey kidney and HeLa cells. Serial 10-fold di;—  
lutdons (10 to 10" ) of the fecal material were prepared in Earles 
balanced salt solution and a duplicate series of tubes was inoculated 
with 0.1 ml of the proper dilutions. Incubation was carried out at.
36 C and the cultures were examined daily for evidence of cytopatho- 
genic effect.
Fate of viral agents in host tissues . .
After it had been demonstrated that Coxsackie B-3 and ECH0-6 
virus could be recovered from the fecal material of ground squirrels 
following oral administration, the occurrence of these agents in the 
animal body was investigated to determine the extent of any invasion 
which may have occurred.
Twenty ground squirrels were given a dose of 1 X 10® TCDcJq 
units of Coxsackie B-3 virus. Of these, 11 were in the active state 
and 9 were hibernating. At various intervals after viral administra-
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tion animals were sacrificed and their tissues examined for the presence 
of virus. Specimens examined included liver, spleen, brain, blood, brown 
o fat, and intestinal contents. These materials were homogenized and sus­
pended in Sarles balanced salt solution. Appropriate dilutions were then 
inoculated onto monolayers of monkey kidney cells (cell line LLCM^). In­
cubation was carried out at 36 C.
The fate of ECHO-6 virus was determined in 23 ground squirrels.
This group included 11 active, 8 hibernating and U animals in a state of
o
enforced hypothermia. Each was given a 1 ml suspension of 1 X 10 TCD^
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units of virus. Various samples were again collected at intervals and 
examined for the presence of active virus as indicated by cytopathology 
in monolayers of monkey kidney cells. The specimens were prepared in the 
same manner as those in the Coxsackie B-3 studies above.
Examination of blood components
Counts of red and white blood cells were made using the improved 
Neubauer counting chamber. Hayem's diluting fluid was employed for the 
erythrocytes and a 3 per cent acetic acid solution was used in making the 
leucocyte suspensions.
Hemoglobin determinations were made by the cyanmethemoglobin method. 
The blood sample (0.02 ml t 1 per cent) was added to £ ml of the Hycel 
Cyanmethemoglobin Reagent (Hycel, Inc., Houston) and the optical density 
measured at a wave length of SUD millimicrons in a Coleman Universal spec­
trophotometer. Matched cuvettes with a rectangular cross section were 
used in each spectrophotometrie determination. Hemoglobin concentrations 
were obtained by reference to a standard curve prepared with Hycel 
Cyanmethemoglobin Standard.
The volume of packed erythrocytes was determined by the micro­
hematocrit method using heparinized capillary tubes (Scientific Products
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#3l4il5>-2) and a model MB International Micro-Capillary centrifuge. The 
capillary tubes were filled directly from the polyethylene tube implant­
ed in the animals*
Differential leucocyte counts were made on blood smears stained 
by the Wright method* When low white cell counts were encountered the 
smears were prepared using the buffy coat from the micro-hematocrit 
tubes. In each case the distribution of cell types was based upon the 
examination of 100 leucocytes.
Total protein concentration in the serum specimens was measured 
by the biuret reaction. Eight milliliters of the biuret reagent were 
added to 2 ml of a 1 to 20 dilution of serum. After 30 minutes the op­
tical density was determined in a Coleman Universal spectrophotometer 
at a wave length of £U0 millimicrons. The protein concentration was 
determined by reference to a standard curve prepared with Lab-trol 
(Scientific Products #53U55)*
Complement titers were determined by the method of Nishioka 
(1963) which is based upon the principle of immune adherence. Brucella 
abortus (UNH stock strain) antigen was used in a volume of 0.2 ml which 
contained 5 X 10^ organisms. The specific antiserum was employed in a 
dilution of 1 to 100 and added in a volume of 0.2 ml. Human 0, Rh+ red 
cells served as the indicator erythrocytes in the test system. These 
cells were prepared in an approximate 2 per cent suspension but were 
standardized spectrophotometrically so that 1 ml of the suspension gave 
an optical density of 0.395 at 5>ltl millimicrons when lysed and diluted 
to 10 ml with distilled water. All other procedures were in accordance 
with those stipulated by Nishioka (1963).
Electrophoretic distribution patterns of the serum proteins were
determined using a Spinco model R-series D Durrum cell paper electrophor­
esis unit. The power of 2.5 milliamps was supplied by a Spinco Duostat. 
Protein migration took place in veronal buffer (Spinco B-2) at pH 8.6 
for 16 hours. The resulting paper strips were stained with broraphenol 
blue (Spinco B-U) and scanned with the aid of a Spinco Analytrol. The 
Analytrol was equipped with the B-5 cam and a £00 millimicron neutral 




Effect of hibernation on the bacterial flora
The data Indicated a significant increase in the number of pay- 
chrophiles and a simultaneous decrease in the number of coliform bacilli, 
following periods of hibernation. On the other handy very little fluctua­
tion was observed in the total counts at 37 C and these counts did not 
appear to be influenced in any way by hibernation. The values shown in 
Figure 1 represent the averages obtained with the 1$ ground squirrels 
studied. Although there was some variation in the hibernating habits, 
activity, food consumption and normal intestinal flora of the individual 
animals, each of the squirrels tested demonstrated these characteristic 
trends.
A representative number of coliform bacilli and psychrophiles 
were Isolated and their temperature-growth relations determined. None 
of the coliform bacilli tested grew at temperatures below 5 C. This 
would imply that little or no multiplication of these organisms could 
occur in the intestinal tract of the animals while they were in the hi­
bernating state and this would be consistent with the decrease in the 
counts as shown in Figure 1. The psychrophiles, on the other hand, grew 
well when Incubated at temperatures down to zero degrees centrlgrade. 
Although Ingraham and Stokes (1959) report that some psychrophilic 
bacteria have a maximum growth temperature above 37 C, none of the psy­
chrophiles isolated in this study gave evidence of growth at tempera­
tures above 35 C. During this study the average duration of continuous 
hibernation was 6 days, with extremes of 2 to 19 days. Between periods 
of hibernation the animals were active for an average of 1.3 days, in­
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DAYS AFTER ONSET OF HIBERNATION
FIGURE 1• Influence of hibernation on the intestinal flora 
of arctio ground squirrels.
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time. This fugure must be considered conservative because it takes an 
active animal from 8 hours to several days to become completely dormant 
and the waking process requires about 3 hours (Iyman and Chatfield,
1955).
Removal of bacteria by the reticuloendothelial system
The capacity of the RES to remove bacterial organisms from the 
blood stream was markedly reduced in the hypothermic and hibernating 
animals. Blood samples taken from active animals 3 hours after admin­
istration of a bacterial suspension were found to be sterile and no 
bacteria were isolated from any of the tissues examined at 2U hours. 
Conversely, large numbers of bacteria were present at 2ii hours in the 
blood and other tissues of animals which were either hibernating or in 
a state of enforced hypothermia. The data plotted in Figure 2 represent 
the average values obtained from the U animals in each group. The bac­
terial concentrations in the liver, spleen and kidney were essentially 
the same for the two thermal states but the blood of the hypothermic 
squirrels contained approximately 10 times as many organisms as that of 
the hibernators.
Extent of endogenous bacterial invasion
It was shown that animals under enforced hypothermia are sus­
ceptible to endogenous bacterial invasion. The data are presented in 
Table I. It was interesting to note that, although bacteria were pre­
sent in the circulation at 2k hours, the organs examined appeared to 
be sterile. However, these tissues were positive for bacteria after the 
animal had been hypothermic for UU hours. Slightly higher counts were 
obtained on the plates incubated at 37 C in comparison to those at 25 C 
but no qualitative differences were observed. There was no evidence of 
























FIGURE 2. Goneentration of bacteria found in tissues 
of ground squirrelsr 24 hours after injection of 1 X 108 




BACTERIAL INVASION OP GROUND SQUIRRELS
Thermal state Tissues examined*'c














6-10 days 0/21 0/5 0/5 0/5
•fc Number positive for bacteria/number tested.
Bacteriophage retention during hibernation
The results of the bacterial virus study are presented in Figure 
3. It can be seen that the viru3 was rapidly eliminated from the intes­
tinal tract of the active animals but was retained for a considerable 
period of time by the animals which hibernated. It should be noted 
that each of the hibernating individuals was in an aroused, or active, 
state for periods of time accumulating to more than that shown to be 
required for complete elimination of the virus in the non-hibernating 
squirrels. This might be explained by the fact that when the animals 
come out of hibernation for these short periods they usually do not eat, 
even though food may be available. This would result in a less rapid 
turn-over of the intestinal contents and thus permit a retention of the 
virus. It is not suggested that the extended period of retention ob­
served in the hibernating animals was the result of any specific effect 
but rather a reflection of the fact that under these conditions it 
simply takes longer for material to pass through the gastrointestinal 
tract of the animal. It is likely that the phage is handled as an in­
ert particle, so far as the animal is -concerned.
Occurrence of Coxsackie B-3 virus in the experimental host
The initial studies concerning the effect of hibernation on the 
retention of Coxsackie B-3 virus in the intestinal tract revealed that 
the agent was quickly eliminated by the active animals but could be re­
covered from the hibernators for an extended period. The findings are 
shown in Figure 1*. Since the studies were terminated at a time when 3 
of the animals were still hibernating, the maximum period of virus re­
tention was not determined.
Investigations were then carried out to define the infectious 
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FIGURE 3* Effect of hibernation on the retention of 
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ARCTIC GROUND SQUIRRELS GIVEN COXSACKIE B -3  VIRUS
FIGURE 4* Effect of hibernation upon the retention of 




tinal tract Into the tissues of the host. The results of this experiment 
are listed in Table II. Coxsackie 6-3 virus was shown to be capable of 
invading the blood, liver, spleen, brown fat and brain of the animals 
whether they were in the active or hibernating state. The active animals, 
even though heavily infected, were able to completely eliminate the vir­
al agent within 5 days. On the otherhand, the virus was recovered from 
the hibernators for as long as 36 days after inoculation. Again, under 
the conditions of the experiment, the maximum period of viral retention 
could not be determined.
The data indicate that it takes several days for the virus to 
reach the blood stream in the hibernating host. Although the end-points 
were not established, it appears that the virus might be found in the 
internal organs after it had been eliminated from the circulation.
Effect of temperature on the replication of Coxsackie B-3 virus
Since the data suggested that Coxsackie 5-3 virus was invasive 
in the hibernating host the limiting temperature for replication of this 
virus strain was investigated under controlled in vitro conditions. Mono­
layers of monkey kidney cells were inoculated with 1 X 10^ TCD^Q units 
of Coxsackie B-3 virus and incubated at 36, 25, 20, and 10 C. Both the 
monolayers and the virus suspension were previously adjusted to the ap­
propriate temperature. All of the monolayers incubated at 36 C exhibited 
characteristic cytopathogenic effect (CPE) on the third day and were 
completely destroyed by the fifth day of incubation. However, no CPE 
was evident in any of the other cultures after 16 days. At that time 
material from one set of the cultures was transferred to fresh monolay­
ers and the incubation contained as before. The remaining cultures were 
examined for their viral content by inoculating dilutions of the cell 
suspensions onto fresh monolayers which were then incubated at 36 C.
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TABLE XX
ARCTIC GROUND SQUIRRELS INOCULATED WITH COXSACKIE B-3 VIRUS
Days after Virus :recovery**
inoculation Blood Brain Liver Spleen Brown fat Feces
Active state 
1 N.E. N.E. . N.E. N.E. N.E. 7/7
2 2/2 2/2 2/2 2/2 • 2/2 6/6
3 N.E. N.E. N.E. N.E. N.E. 5/5
4 N.E. N.E. N.E. N.E. N.E. 2/4
5 0/2 2/2 1/2 1/2 1/2 1/6
7 0/2 0/2 0/2 0/2 0/2 0/6
14 0/1 0/1 0/1 0/1 o/i 0/5
15 0/1 0/1 0/1 0/1 0/1 0/5
19 0/2 0/2 0/2 0/2 0/2 0/6
25 0/1 0/1 0/1 0/1 0/1 0/5
Hibernating
2 0/2 N.E. N.E. N.E. N.E. N.E.
7 0/3 N.E. N.E. N.E. N.E. 5/5
12 2/2 2/2 2/2 2/2 2/2 6/6
25^ 3/3 3/3 3/3 3/3 3/3 3/3
36 1/4 4/4 4/4 3 A 4/4 4/4




Following the second l6-day incubation period the second-passage cultures 
were also similarly tested. The results are given in Table III. There 
was no evidence of viral replication at 2$, 20, or 10 C after a total of 
32 days incubation. The highest recovery titers were obtained from 
those cultures incubated at 10 C. This was interpreted as an indication 
of a reduced rate of thermal inactivation at the lower temperature. 
Occurrence of ECHO-6 virus in the experimental host
Preliminary experiments with ECHO-6 virus indicated that hiber­
nation would serve to extend the period of viral retention in the intes­
tinal tract of the animals. As in the case of the Coxsackie B-3, the 
virus remained in the intestinal contents for only a short time in the 
active animals. These findings are shown in Figure 5. Studies were 
then made to determine the invasive capacity of this virus in hibernating 
and active squirrels. It became apparent that the virus exhibited no 
capacity to invade any tissue beyond the digestive tract in either the 
active or hibernating animals. The studies were, therefore, extended 
to include hypothermic animals. Earlier work had indicated that this 
condition was accompanied by invasion of the host by endogenous bacter­
ial organisms. The implication was that certain mechanisms of defense 
in the host had been breached by this thermal stress..
The results of this series of experiments are listed in Table IV. 
Under the conditions of the experiment, no invasive ability was exhibited 
by the ECHO-6 virus since the agent was not observed to penetrate to 
any tissue outside the intestinal tract. Although stresses of various 
kinds have been reported to increase susceptibility to virus infection, 
the acute stress of prolonged hypothermia was not accompanied by an 
extension of the virus in the host. Because of the severity of the hypo-
34
TABLE III
MONKEY KIDNEY MONOLAYERS INOCULATED WITH COXSACKIE B-3 VIRUS
Incubation time 
in days
Virus titer at different temperatures#
25 C 20 C 10 C
0 4.0 4.0 4.0
16 2.5 3.0 4.0
32 1.0 2.0 2.5
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FIGURE 5, Effect of hibernation on the retention of 





ARCTIC GROUND SQUIRRELS INOCULATED WITH ECHO-6 VIRUS
Days after Virus recovery*
-inoculation
Blood Brain Liver Spleen Brown fat Feces
Active state 
1 0/2 0/2 0/2 0/2 0/2 2/2
2 0/5 0/5 0/5 0/5 0/5 0/5
3 0/2 0/2 0/2 0/2 0/2 0/2
7 0/2 0/2 0/2 0/2 0/2 0/2
Hibernating
5 0/4 0/4 0/4 0/4 0/4 0/4
10 0/3 ' 0/3 0/3 0/3 0/3 0/3
19 o/i 0/1 0/1 0/1 0/1 0/1
Hypothermic
1 0/2 0/2 0/2 0/2 0/2 0/2
2 0/2 0/2 0/2 0/2 0/2 0/2
* Number positive for virus/number inoculated.
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thermic' stress the: animals' were not maintained in this-- condition be- - 
yond U8 hours.
Effect of hypothermia and hibernation on the blood picture
The normal blood picture of the active animals is summarized in 
Table 7-and the results of corresponding measurements of the vascular 
components of hibernating squirrels are presented in Table VI. The most 
dramatic changes were observed in the total leucocyte counts. Entrance 
into hibernation was associated with an immediate and profound leucopenia. 
The difference between the 2 values obtained is statistically significant 
according to the Fisher t test (P<r .05) • No shift was observed in the 
differential leucocyte counts which could be related to hibernation.
Suomalainen (I960) has reported blood changes typical of stress 
in hedgehogs during natural hibernation as well as in artificial hypo­
thermia. These changes included leucopenia, neutrophilia, eosinopenia, 
and lymphopenia. He also observed a marked “shift to the left" in the 
differential leucocyte counts. These indications of stress have not 
been reported by other workers and were not found in the present stud­
ies with ground squirrels although a profound leucopenia was evident in 
hypothermia and hibernation. Since the decrease in the circulating 
white blood cells occurred so soon after the animal entered hibernation 
a study was made to determine the effect of enforced hypothermia upon 
the blood picture. Special attention was directed to the white blood 
cell counts. The results of these studies are listed in Table VII.
It can be seen that abrupt decreases occurred in the number of white 
cells in the circulation as soon as the temperature of the animal was 
lowered. Furthermore, when the animals were rewarmed the counts quick­
ly returned to normal values. These counts were made on blood speci-
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TABLE V









Mean 7*4-6 . 40.2 14.4
S tandard 
deviation *1.38 ±0.6 ±2.4
Number of 
counts 47 50 49
Number of 
animals 24 25 . 25
White blood cells
Total count Neutro 
tho'usand/mm^ phll
Differential 
- Eosino- Baso- Lympho-Mono 
phil phil cyte cyte
Mean 6.26 49.5 2 1 49.5 4.3
Standard
deviation ±2.44 ±14.1 —  - ±14.2 *1.9
Number of 
counts 50 37 37 37 37 37
Number of 
animals













Mean 6.90 32.3 13.5
Standard
deviation ±0.84 ±3.9 ±0.9
Number of 
counts 13 13 13
Number of 
animals 3 5 5
YJhite blood cells
Differential










Mean 0.465 49.9 1 0 45 4.9
Standard
deviation ±0.033 ±4.8 ** - ±0.51 ±1.8
Number of 
counts 13 11 11 11 11 11
Number of 
animals 5 4 4 4 4 4
40
TABLE VII
INFLUENCE OF ENFORCED HYPOTHERMIA ON BLOOD PICTURE OF
ARCTIC GROUND SQUIRRELS
Body Leuco- Eema- Hemo-
Animal- temper- cyte Erythrocyte tocrit globin
specimen ature thousands/mm^ milllon/mirr ml/lOOml gm/lOOml
15-5 normal 4,85 5.85 33 10.9
15-6 20 0 0.45 5.30 37 11.4
15-7 normal 6,40 5.30 35 11.2
106-2 normal 6.15 6.30 38 13.3
106-3 16 0 0.45 6.00 40 14.5
106-4 normal 7.21 6.25 39 14.4
102-3 normal 8.05 6.15 50 16.9
102-4 20 0 2.65 6.20 50
102-5 16 0 1.25 6.05 50
102-6 14 C 0.75 6.21 51
102-7 13 0 0.76 6.20 50
102-8 normal 9.05 8.40 53
102-9 17 0 1.55
102-10 13 0 0.40
102-11 normal 8.70
95-1 normal 5.25 7.60 44 15.3
95-2 13 C 0.15 6.75 37 15.1
95-3 12 C 0.05 6.20 36 14.5
95-4 20 C 2.80 7.20 42 16.7
95-5 normal 6.45 7.00 41 16.2
19-3 normal 5.30 8.35 43 15.4
19-4 . 16 0 0.85 7.20 43 15.3
19-5 12 0 0.05' 6.75 43 15.0
19-6 normal 8.70 7.05 46 16.8
44-1 normal 5.80 7.90 40 14.4
44-2 20 0 2.40 6.75 35 11.8
44-3 15 0 1.55 6.55 40 13.1
44-4 12 0 0.15 5.94 39 13.1
44-5 31 0 5.45 5.80 37 12.6
mens collected directly from the abdominal aorta through a permanently 
implanted polyethylene tube® It was, therefore, reasoned that they 
were an indication of the "true" blood picture. Nevertheless, the pos­
sibility existed that the white cells might be adhering to the walls of 
the implanted tube. Perhaps they became "sticky" when they were cooled. 
The tube was then spliced to another 20 inch length of the same type of 
tubing and the extension was passed through a water bath adjusted to 
37 C. White counts made on this "warmed" blood from the hypothermic 
animal were identical to those recorded before the blood had been warm­
ed. It, therefore, seemed unlikely that the cooling of the blood had 
caused the white cells to lodge in the implanted tube. Further evidence 
that the tubing was not participating in the lowered values was provid­
ed when the tube from normothermic animals was passed through an ice- 
water bath adjusted to !{ C. Counts made on the "cooled" blood from the 
normothermic animals showed no decrease in the number of white blood 
cells. The erythrocyte counts appeared to decrease during hibernation 
but an evaluation of the data failed to confirm the validity of this 
apparent difference. Likewise, no significant difference was found in 
the hemoglobin concentrations but values obtained for the volume of 
packed cells did show a difference which was valid (P <*001 ). The re­
ports in the literature concerning the changes in the red cell counts 
during hibernation are not in agreement. Stuckey and Coco (19U2) re­
ported a decrease in the erythrocyte counts of hibernating 13-lined 
ground squirrels while Svihla and Bowman (1953) observed an increase.
In the same animal species, Riedesel (1957) found no change in the 
volume of packed cells associated with hibernation but Svihla, Bowman, 
and Ritenour (1953) reported a slight increase. The decrease in the 
hematocrit values is difficult to interpret in the view of the lack
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of significant change in either the erythrocyte count or the hemoglobin 
concentration. The mean values for the total proteins in the sera from 
the 2 groups were almost identical.
Complement titrations were carried out on sera from Inactive, 4 
hypothermic and 6 hibernating ground squirrels. The blood samples were 
collected directly from the implanted tubes and were allowed to stand 
at 2£ C"for 4 hours before overnight storage at 5 C. The serum was 
then carefully removed from the clots and immediately frozen at -70 C 
in sealed glass ampoules. All titrations were done at the same time 
using the same standardized reagents and technique, making direct com­
parisons of the results possible. The values obtained are listed in 
Table VIII. Although marked variations, especially in the active ani­
mals, were encountered, the average titers from each of the thermal 
groups were not significantly different. It was interesting to note 
that these values were comparable to those obtained with guinea pig 
serum which was tested under the same experimental conditions. This 
suggests that the humoral resistance associated with complement could 
be of the same order of magnitude in the 2 animal species.
Electrophoretic analysis of the sera from active and hibernating 
animals revealed differences in the beta globulin region. The sera from 
animals in the hibernating state characteristically exhibited a peak 
in the globulin fraction which was not observed in the sera obtained 
from active animals. Tracings which are representative of the 2 pat­
terns are shown in Figure 6. Further characterization of this compon­
ent was not considered to be within the scope of this investigation.
„ However, it is likely that the differences seen may be in some way 
associated with the altered nutritional status of the animals. Hiber-
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TABLE VIII
COMPLEMENT TITERS IN BLOOD OP ARCTIC GROUND SQUIRRELS 
UNDER VARYING THERMAL CONDITIONS
Complement titer4*
Active state - Hypothermic Hibernating
200 700 100 500 200 600
100 400 800 500 300 300
100 100 neg 400 200 400
50 100 500 10 700 300
300 300 300 400 400
400 500 600 400 200
300 600 400 100
100 50 400 300
100 400 400 300
10 600 300 400
200 700 600 50
400 200
Average = 317 350 , 367
* Reciprocal of the highest dilution of serum showing 
evidence of complement activity.
Hibernating stateActive state
fIGURE 6. Electrophoretic patterns of sera from arctic ground squirrels 44
nating animals derive the major part of their energy during the dormant 
period from the metabolism of their body fat and it is known that high 
fat diets may produce changes in the beta globulin fraction of animal 
serum (Musacchia and Wilber, 19f>2).
.DISCUSSION
One of the interesting characteristics of mammals is their 
ability to maintain a rather constant body temperature in a changing 
thermal environment* Indeed, it is imperative that this internal 
temperature be carefully regulated because serious complications will 
arise when variations of more than a few degrees are encountered. Ref­
erence has been made to reports in the literature which suggest that a 
reduction in the "body temperature of a homeotherm may lead to vastly 
increased susceptibility to infectious disease as well as the imposi­
tion of a pronounced physiologic stress upon the animal. In controll­
ed studies investigators have shown that several of the recognized 
mechanisms of resistance are deleteriously affected by reduced body 
temperatures. Thus, it was noted that hypothermia may decrease anti­
body production, phagocytic activity, and complement and opsonin titers. 
In addition, reference was made to studies which indicated that tempera­
ture also had a demonstrable effect upon the virulence of microorganisms 
and the course of the disease elicited. It would, therefore, seem 
abundantly apparent that temperature plays a vital role in host-parasite 
interactions.
The results of the studies have revealed numerous ways in which 
hibernation may exert a pronounced effect upon host-parasite relations.
In microbiology, considerable importance is attached to the ability of 
humoral and cellular elements to influence host or parasite. The marked 
effect of hibernation upon the number of white cells found in the blood 
indicated that the hibernating mammal could not expect to depend upon cir 
culating leucocytes to counteract microorganisms that found their way 
"into the blood stream. It is generally agreed that hibernation is
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associated with a demonstrable reduction in the total number of white 
cells in the circulation. Thus, Rasmussen (1916) and Stuckey and Coco 
(1942) have reported decreased counts in 13-linecL ground squirrels and 
woodchucks respectively. The reduction in the white blood cell counts 
observed in the present studies was much more pronounced than has been 
reported elsewhere for other hibernators but direct comparisons are 
not possible since comparable studies of the hematology of arctic ground 
squirrels are not available. How much significance could be attached 
to the leucopenia in terms of a lowered resistance to bacterial or vir­
al invasion was subject to some question however. One might presume 
that the hibernator, if exposed to an infectious agent, would be vul­
nerable to infection in the absence of a functional cellular defense. 
Some credence was lent to this viewpoint by the finding of Coxsackie 
virus in the blood and tissues of hibernating squirrels for periods of 
time greatly in excess of the limit found in active animals. However, 
no difference in the extension of virus could be established and the 
impression gained was that hibernation favored the retention of the 
virus but not its invasive properties. This impression was confirmed 
and extended by the finding of long term residence of both bacterial 
and animal viruses in the gastrointestinal tract of hibernators.
Since the virus was retained for long periods of time in the 
hibernators it is apparent that these animals might serve as a reservoir 
of infection in nature. By its presence in the tissues and fecal mate­
rial of a hibernating animal the virus could easily be maintained from - 
one season to the next. Further dissemination might be accomplished 
through natural predators. Under the conditions of the experiments 
the maximum period of virus retention was not established but the in-
dications are that active virus would remain in the animals for as 
long as hibernation continued. In connection with this, Dempster,
Grodums and Spencer (1961) were able to recover Coxsackie B-3 virus 
from bats after 1U0 days of continuous hibernation.
It was not possible to assign any invasive capacity to the 
ECHO-6 virus as a result of these studies. While hibernation did 
serve to extend the period of time during which the virus was pre­
sent in the intestinal contents, it had no demonstrable effect upon 
the spread of the agent in the host. Even the stress of enforced hypo­
thermia was not sufficient to dispose the animal to invasion by the 
virus. It is interesting that ECHO-6 virus was not pathogenic for 
this animal because this virus and the closely related Coxsackie vir­
uses are both associated with infectious processes in other animals 
including humans. Manifest differences have thus been shown between 
the 2 viruses in terms of their virulence potential in the Alaskan 
ground squirrel.
Striking differences were found in the defense capabilities 
of hypothermic and hibernating ground squirrels although their leu­
cocyte counts were comparably reduced. This was convincingly demon­
strated by the fact that hypothermic animals uniformly sustained ex­
tensive bacterial invasion of their blood and vital organs whereas no 
evidence of such penetration could be found in the hibernating squirrels. 
The hibernators had been subjected to the same reduction in body temper­
ature and this condition had been maintained for a much longer time than 
in the hypothermic animals. Nevertheless, they were able to ward off 
this endogenous bacterial invasion. If this resistance to invasion by 
the hibernator is due to the activity of the RES, a very delicate bal­
ance must exist for the hibernating animals were incapable of eliminat-
ing bacterial organisms which were introduced directly into their blood 
stream. Thus, the hibernating animal was able to effectively resist 
bacterial invasion, up to a point, but had little effective cellular 
defense once the natural barriers had been breached. The reports in the 
literature concerning the changes which take place in the blood picture 
during hibernation are conflicting. Unfortunately, the lack of standard­
ized design and techniques make comparisons of data from different sources 
impossible. Many authors report finding changes in various components 
which do not prove to be satistically valid upon analysis of the data. 
Particular significance must be afforded the values recorded in the pre­
sent studies because of the manner in which the sample was collected. 
Direct cannulation of the aorta provided a specimen which would be repre­
sentative of the circulating blood. Such things as differential vaso­
constriction and vascular pooling would likely give rise to aberrant 
findings in blood samples taken from a peripheral source. Even blood 
collected directly from the heart by cardiac puncture would not demon­
strate the circulatory conditions that exist during deep hibernation for 
the procedure could not fail to arouse the animal and one would actually 
be observing the blood picture as it appears during the wakening process 
rather than in hibernation.
The quick onset and equally rapid waning of the invasive stage 
of Coxsackie B-3 parasitization in the active animals tended to elimin­
ate at least any major role for antibody since there was inadequate time 
for antibody formation to occur. Electrophoretic patterns of blood sera 
obtained from active and hibernating animals failed to show any differ­
ences in the gamma globulin components. The consistent finding of a 
peak in the beta globulin region in the sera from hibernators and the
failure to detect this component in the blood from active squirrels sug­
gested a fundamental shift in the metabolism of the animals during hiber­
nation, It is recognised that hibernators utilize stored fat as their 
principle source of energy during the dormant period. This "high fat 
diet" may result in an increased lipo protein concentration in the serum 
and thus be related to the beta peak observed.
Although it is recognized that temperature has a profound effect 
upon the replication of virus, the results of studies carried out in 
cell culture systems cannot be viewed as a reflection of a direct effect 
of temperature upon viral development. Added significance is achieved 
when the influence of temperature upon the virus is determined in the 
hibernating animal. Under these conditions one is dealing with a cell 
system which is not only adapted to low temperature but is being sustain­
ed in its natural environment. Cells cultures in-vitro on the otherhand, 
are remarkable for their very ability to survive under in-vitro conditions 
and their situation is even more precarious when the incubation tempera­
ture is reduced. In-vitro studies may be more rewarding when tissue 
explants of hibernators are employed for the propagation of virus. Al­
though investigations have disclosed no systematic differences in the 
effect of temperature on the respiration of tissues from homeotherms and 
hibernators. (Kayser,I960), the susceptibility of these tissues to viral 
agents has not been adequately explored.
The alteration of the intestinal flora in favor of the psychro- 
philes- during hibernation may coincide with similar changes in the bacter­
ial flora of other locations in the host. For instance, analogous shifts 
might also occur in the respiratory tract. The lowered body temperature 
does not encourage the growth of psychrophiles but, because of their 
adaption to temperature, they can continue to reproduce while other organ­
isms are definitely inhibited. No pathogenic significance has been 
assigned to the psychrophilic bacteria but the possession of toxic 
properties is to be expected since they are gram negative rods and the 
cellular material of this group of bacteria normally contains potent 
endotoxins. Toxicity from this source would not be dependent upon 
bacterial penetration of the host but could result from absorption of 
the material through intact membranes.
SUMMARY
The purpose of these investigations was to gather information on 
the effect of reduced temperature upon host-parasite relations* Arctic 
ground squirrels were used as experimental animals because of their capa­
city for deep and prolonged hibernation.
Evidence has been provided to show that Coxsackie B-3 virus was 
infectious for both active and hibernating animals. The virus was re­
covered from the blood, liver, spleen, brain, and brown fat of the hiber­
nating squirrels 36 days after the onset of hibernation. Active animals, 
on the otherhand, were able to completely eliminate the virus within 5 
days after administration of the agent.
No invasive capacity was demonstrated for the ECHO-6 virus whether 
the animals were active, hibernating or in a state of enforced hypothermia.
Hibernation did, however, extend the period of viral retention in the
\
gastrointestinal tract. This effect was also observed when animals were 
given a suspension of bacteriophage. The bacterial virus was rapidly 
eliminated by the active animals but could be isolated from the hibernat­
ing squirrels so long as they remained dormant.
Endogenous bacterial invasion regularly occurred when animals were 
' subjected to enforced hypothermia but no such penetration was found in 
hibernating animals even though their body temperature had been reduced 
to the same level for a much longer period of time. The efficiency of 
the reticuloendothelial system was impaired in both the hibernating and 
hypothermic animals as indicated by their inability to clear their blood 
stream of experimentally introduced bacterial cells.
Examination of the blood picture of active and hibernating squirrel 
revealed that no significant change had occurred in the erythrocyte and 
differential leucocyte counts, hemoglobin and total protein concentrations
53
or in the complement titers. Significant differences were found however 
in the total leucocyte counts, packed cell volumes and electrophoretic 
patterns when the blood of active and hibernating animals was compared. 
The significance of these findings as they relate to the host- 
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